The first observation ofB 0 d → D 0K 0 andB 0 d → D 0K * 0 transitions by the Belle Collaboration allows us to do a complete isospin analysis of B → DK ( * ) decay modes. We find that their respective isospin phase shifts are about 50 • and 35 • , implying the presence of significant final-state interactions. We determine the spectator and colorsuppressed spectator quark-diagram amplitudes of B → DK and B → DK * decays, and compare them with the corresponding quark-diagram amplitudes of B → Dπ and B → Dρ decays. The effects of SU(3) flavor symmetry breaking are in most cases understandable in the factorization approximation, which works for the individual isospin amplitudes. Very instructive predictions are also obtained for the branching fractions of rareB 0 d →D 0K ( * )0 , B −
Introduction
The major goal of B-meson factories is to test the Kobayashi-Maskawa mechanism of CP violation within the standard model and to detect possible new sources of CP violation beyond the standard model. So far the CP-violating asymmetry in B 0 d vsB 0 d → J/ψK S decays has been unambiguously measured at KEK and SLAC [1] , and the experimental result is compatible very well with the standard-model expectation. Further experiments will provide much more data on CP violation in other decay modes of B mesons, from which one may cross-check the consistency of the Kobayashi-Maskawa picture and probe possible new physics.
Two-body nonleptonic decays of the typeB
and their CP-conjugate modes, which occur only via the tree-level quark diagrams and can be related to one another via the isospin triangles, have been of great interest in B physics for a stringent test of the factorization hypothesis, a quantitative analysis of finalstate interactions [2] , and a clean determination of CP-violating phases [3] . The typical examples are X = (D, D * ) and Y = (π, ρ) as well as X = (D, D * ) and Y = (K, K * ), associated respectively with the weak phases (2β + γ) [4] and γ [5] . Once the decay rates ofB [6] . The isospin analysis of three B → D ( * ) π modes [7] indicates that they involve significant final-state rescattering effects.
Recently the Belle Collaboration [8] has reported the first observation ofB = 4.8
respectively. In comparison, the branching fractions ofB
and
We see that B The purpose of this paper is four-fold. First, we make use of current experimental data to determine the isospin amplitudes and their relative phase for B → DK ( * ) transitions. We find that the isospin phase shifts in B → DK and B → DK * decays are about 50
• and 35
• , respectively, implying the existence of significant final-state rescattering effects. Second, we carry out a quark-diagram analysis of B → DK ( * ) transitions and determine the amplitudes of their spectator and color-suppressed spectator diagrams. Our result is model-independent, thus it can be used to test the predictions from specific models of hadronic matrix elements. Third, we compare the quark-diagram amplitudes of B → DK and B → DK * with those of B → Dπ and B → Dρ to examine the SU(3) flavor symmetry. We find that the effects of SU(3) symmetry breaking are in most cases understandable in the factorization approximation, which works well for the individual isospin amplitudes. Finally, we present very instructive predictions for the branching fractions of rareB
Isospin Analysis
Let us begin with an isospin analysis ofB
As D and K are isospin 1/2 mesons, a final state DK may be in either I = 1 or I = 0 configuration. To be specific, D 0 K − is a pure I = 1 state and involves a single rescattering phase. In contrast, D + K − and D 0K 0 are combinations of I = 1 and I = 0 states, which mix under rescattering. The amplitudes of three decay modes can therefore be expressed as
in terms of two isospin amplitudes A 
where τ 0 (or τ ± ) is the lifetime of B 
is the c.m. momentum of D and K mesons. Note that the mass difference between neutral and charged B, D or K mesons is tiny and has been neglected in Eqs. (5) and (6). From
Eqs. (4) and (5), we obtain
with κ ≡ τ 0 /τ ± ≈ 0.92 [9] ; and
If final-state interactions were insignificant, one would have cos(φ 1 − φ 0 ) DK ≈ 1. In this case, the naive factorization approximation could be applied to the overall amplitudes of three decay modes under discussion.
To illustrate, we typically take the central values of
and B DK 0− in Eqs. (1), (2) and (3) (7) and (8) can be found from Ref. [9] . We then arrive at
This result indicates that there exist significant final-state rescattering effects in B → DK. Hence the neutral modeB (1), (2) and (3), we obtain
It is clear that final-state interactions in B → DK * decay modes are also significant. Our results imply that the naive factorization approximation cannot directly be applied to both B → DK and B → DK * transitions. A proper treatment of such exclusive processes has to take account of final-state rescattering effects at the hadron level.
Quark-diagram analysis
Now we turn to describe B → DK and B → DK * decays in the language of quark diagrams, which is sometimes more intuitive and instructive than the isospin language. As shown in Fig. 1 , these processes occur only via two tree-level quark diagrams: one is the spectator diagram and the other is the color-suppressed spectator diagram. After the CKM matrix elements (V cb and V * us ) are factored out, the remaining parts of the quark-diagram amplitudes in Fig. 1(a) and Fig. 1(b) can be defined under isospin symmetry as T DK (or T DK * ) and T ′ DK (or T ′ DK * ), respectively. The relations between quark-diagram amplitudes and isospin amplitudes of B → DK transitions are
Without loss of generality, T DK and T ′ DK can be arranged to be real and positive. In addition, T DK > T ′ DK is expected to hold, as the latter is color-suppressed. The explicit expressions of T DK and T ′ DK can straightforwardly be derived from Eqs. (4), (5) and (13) . The result is
Of course, it is easy to obtain the similar expressions for T DK * and T ′ DK * , the quark-diagram amplitudes of B → DK * decay modes. It is worth emphasizing that Eq. (14) allows us to determine T DK (or T DK * ) and T ′ DK (or T ′ DK * ) in a model-independent way. On the other hand, these quark-diagram amplitudes can be evaluated using the factorization approximation in specific models of hadronic matrix elements [2] . Thus the validity of the factorization hypothesis for B → DK and B → DK * decays is experimentally testable ‡ . For illustration, we calculate (T DK , T The relevant CKM matrix elements are taken as |V cb | = 0.041 and |V us | = 0.222 [9] . We arrive at
and §
One can see that T [2] ) in the factorization approximation. ‡ Detailed reanalyses of B → DK and B → DK * transitions in the factorization approximation and in various form-factor models will be presented in a more comprehensive article [12] . However, some concise discussions can be found in section 4 to phenomenologically understand the effects of SU (3) 
SU(3) symmetry breaking
We have pointed out that B → DK and B → Dπ transitions belong to the same category of exclusive B decays with |∆B| = |∆C| = 1. They can be related to each other under SU(3) flavor symmetry [13] . To examine how good (or bad) this SU(3) symmetry is, let us write out the amplitudes ofB 
Note that these three decay modes can in general occur via three topologically distinct treelevel quark diagrams [11] : the spectator diagram (∝ V cb V * ud T Dπ ) similar to Fig. 1(a 
′′
Dπ is expected to have strong form-factor suppression [14] . It is therefore safe, at least to leading order, to neglect the contribution of T ′′ Dπ to the overall amplitudes of B → Dπ decays. In this approximation, we have
where φ 3/2 and φ 1/2 are the strong phases of I = 3/2 and I = 1/2 isospin channels. If SU(3) were a perfect symmetry, one would get T Dπ = T DK and T 
where and B Dπ 0− reported in Ref. [9] , we obtain
This model-independent result can be confronted with the result achieved from the naive factorization approximation: , we obtain
In comparison, the factorization approximation yields
where f K * = 214 MeV, f ρ = 210 MeV, A 
Further discussions
The present experimental data on B → DK and B → DK * decays in Eqs. (1), (2) than T DK * /T Dρ , because the former involves large cancellations in both its numerator and denominator. We therefore argue that the existing discrepancy between the modeldependent and model-independent results of T ′ DK * /T ′ Dρ could essentially disappear, when more precise measurements of B → DK * decays are available. It is worth remarking that only the central values of relevant branching fractions of B → DK ( * ) decays have been taken into account in our numerical calculations. Current experimental error bars associated with a few of those branching fractions remain too large to allow for a firm quantitative conclusion about the size and phase of final-state rescattering in every |∆B| = |∆C| = |∆S| = 1 mode [16] . Hopefully, more accurate data will soon be available at B-meson factories.
In general, the B → DK ( * ) decays include not onlyB
. So far only the former have been measured at B-meson factories. The latter have lower branching fractions, because of the stronger CKM suppression: [9] . Note that the isospin relations among three amplitudes ofB 
well below the experimental upper bounds reported by the Belle Collaboration [8] . If the phase shift between I = 1 and
transitions is assumed to equal the corresponding phase shift between I = 1 and I = 0 isospin channels inB andB
In arriving at these model-independent results, we have neglected small contributions of the annihilation-type quark diagrams to B
Although both charged modes have quite small branching fractions, they are worth being searched for at B-meson factories. The reason is simply that the transitions under discussion are very important for a relatively clean determination of the weak angle γ of the well-known CKM unitarity triangle [5] .
In summary, we have for the first time determined the isospin amplitudes and their relative phase for B → DK ( * ) transitions by use of current experimental data. It is found that the isospin phase shifts in B → DK and B → DK * decays are about 50
• , respectively. Thus there exist significant final-state rescattering effects in such exclusive |∆B| = |∆C| = |∆S| = 1 processes. We have also analyzed B → DK ( * ) transitions in the language of quark diagrams, and determined the amplitudes of their spectator and color-suppressed spectator diagrams. We stress that our results are model-independent. The SU(3) flavor symmetry is examined by comparing the quark-diagram amplitudes of B → DK and B → DK * decays with those of B → Dπ and B → Dρ decays. We find that the effects of SU(3) symmetry breaking are in most cases understandable in the factorization approximation, which works for the individual isospin amplitudes. Finally, very instructive predictions for the branching fractions ofB 
